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1 Introduction 
The successful signal space projection (SSP) 
method was firstly performed by Ilmoniemi for 
separating the differenct components of evoked 
responses and spontaneous activity in brain signals 
as well as signals measured from the heart [1] and 
applied by Huotilainen et al. for the rejection of 
eye-blink [2]. The effective noise reduction method 
is one of the most important measuring techniques 
in olfactory neuromagnetic experiments because we 
must use very few summation in the acquisition of 
olfactory evoked sensations which have the larger 
adaptation effects.  
The aim of this study was comparison between 
active olfaction and passive olfaction using 
magnetoencephalography (MEG). We used a 
whole-cortex type biomagnetometer (122-channel 
SQUID gradiometer) in these olfactory 
experiments. In the passive olfaction amyl acetate 
gas (1%) was administered for 300 ms into either 
the right or left nostril in synchronization with 
respiration using a mask and an optical fiber sensor. 
We obtained the clear olfactory responses on the 
both sides of forehead in all six subjets (all right-
handed). The generators of olfactory magnetic 
fields were estimated at two regions located fairly 
asymmetrically near the bilateral frontal deep areas. 
Almost all subjects showed ipsi-lateral dominancy 
with the response of the same side with stimulation 
the largest. In contrast, active olfaction showed the 
dominacy of right hand side responses. We found 
also the responses of the moving-related magnetic 
fields accompanied with active respirations, since 
about 500 ms before the starting time of the subjec's 
sniffing to odorants. In this reseach we applied to 
analyse the odorant responses using principal 
component analysis (PCA) for the sniffing data 
processing. The difference of two olfaction 
methods suggests us the difference of detection and 
cognition of human olfactory mechanism. 
 

2 Methods 
2.1 Two olfactory MEG  experiments 

In this paper, we focus on two MEG experiments 
with  a passive olfaction and an active olfaction:  

1. “Passive olfaction”  

In these olfactory neuromagnetic experiments, 
one of two methods was used as a  passive 
olfaction method which is the blast method 
stimulating by odorant pulses were 
administered into the subject’s nasal cavity. In 
this experiment oddball paradigm at random 
using two odorants with the different given 
rates.  

2. “Active olfaction” 

Another experiment was a new sniffing 
method on the state of human active olfaction. 
Data analyses were firstly done using a usual 
filtering method for a control analysis and 
next, a new SSP method was applied to the 
reduction for many kinds of magnetic noises. 

2.2 Signal space and projection (SSP) method 

A set of m linearly independent n-channel 
magnetic fields signals,  

b1 , b2 ,•••, bk , •••,  bm 
spans an m-dimensional subspace P of the n-
dimensional space B of all n-channel signals. An n-
channel signal means the set of outputs of n 
magnetic field sensors. 
There exists a projection operator P such as  

Pb ∈  P  for any  b ∈  B. 

P is an idempotent operator  PP = P. If we have 
determined an orthogonal basis  

U1, •••• Um,            Uj
T Uk = δj,k 

For P we find  P = UUT 

U = (U1, •••, Um) 

U is the matrix whose colums are the basis vectors.  



We can find the orthogonal basis to obtain a 
measure of the linear independence of b1, •••, bm by 
the singular-value decomposition analysis (SVD) of 

B =  ( b1  , b2 ,••,  bm ) = U ΛΛΛΛVT  

The orthogonal basis is given in U while small 
singular value ΛΛΛΛ indicate linear dependence. 
Once P has been found we can multiply our 
measurements with either P or I−−−−P thereby 
restricting the analysis to P or its orthogonal 
complement subspace, respectively.  
We denote the projection by  

bll  = Pb,  

and the orthogonal complement projection by  

b⊥  =  (I - P)b. 
Suppose that we have constructed a projection 
operator P from a set of b1, •••, bm, corresponding 
to a subspace P. For example, using this SSP 
method  we obtained orthogonal following vectors 

 Bs ⊥  Bn. 
These are shown as a linear combination equation 

 B(t)meas = As(t) Bs + An(t)Bn 

bk = (bk1, bk2 , •••, bkn) 

 

 

 

 

 

 

 

 

Figure 1: Principle of signal space  and projection 
(SSP) method. 

2.3 Noise reduction in real time MEG 
measurements  by SSP 

We have usually applied the SSP method to reject 
the circumstance magnetic noises on the real time 
MEG measurements.  We can especially reject the 
noise effects of the electric current from train’s 
electrical noise near our Laboratory. These electric 
current noise were sometimes over more than  
3000 fT. We can silently detect the neuromagnetic 
brain responses in human by using SSP on line. 
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Figure 2: Separation of two MEG components at the passive olfaction using SSP method  
(cal: 500ms, 50 fT/cm). Two factors of 282.5 ms and 333.3 ms factors were extracted independently. 
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Figure 3: Separation example of three components 
in spatial-temporal 4-D imaging by  SSP method 
for “oddball paradigm” of human olfaction. 
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Figure 4: Real olfactory  response was obtained 
from sniffing data by  subtraction of moving related 
factor  at the respiration.  

 

2.4 Apply SSP method to olfactory signal 
processing 

Next, we used SSP to analyze the real olfactory 
signal responses and to obtain a few current dipoles 
in the two experimental cases both of a passive 
olfaction and an active olfaction. 
In the passive olfaction, we have many data of 
olfactory evoked magnetic response including two 
or three main peaks at the different latency.  In 
active olfaction, we have already measured a large 
magnetic change including the pre-moving 
response  of the activity related for respiration. SSP 
technique was applied to these olfactory signal 
processing. 

3 Results 
3.1 Noise reduction and signal estimation 

analysis for two kinds of olfactory 
experiments using SSP method 

1.    “Passive  olfaction” 

The characteristics of the neuromagnetic noises in 
the olfactory evoked fields were analyzed from 
many experiments of the odorant stimulation i.e. 
“blast method” was passively given using the 
synchronization with subject’s respiration [3]. 
The results of the reduction of these magnetic 
noises gave us the remarkable improvement on the 
S/N ratio both the above olfactory neuromagnetic 
experiments. 

2.     “ Active  olfaction” 
On the other hand, “sniffing method” was also 
analyzed by SSP processing and it was found that a 
large pre–stimulus changing before sniffing might 
be the early movement-related response.  These 
results show us the good time-resolution and the 4-
D imaging which was visualized in a spatio-
temporal neuromagnetic activity on the human 
olfactory sense.  And these techniques will be also 
applied to the visualization of all other neuronal 
activities and much more spatio-temporal changes 
in human brain. 

4 Discussion 
After these SSP method was applied to the noisy 
real experimental data, a few equivalent current 
dipoles (ECDs) were estimated precisely more than 
a usual filtering analysis with two olfactory 
experiments (both “blast  method” and “sniffing 
method”).  This results suggest that SSP analysis is 
effective for many magnetic noise reduction to a 
noisy difficult data obtained by neuromagnetic 
evoked responses such as olfaction and taste 
experiments.  
These results suggest the possibility of visualization 
of a spatio-temporal changing by 4-D imaging and 
the effectiveness of the neuromagnetic activities 
non-invasively in human olfaction. 
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